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This experimental study describes the adaptive processes of the right ventricular (RV) 
myocardium after pulmonary artery banding (PAB) in sheep evaluated by cine cardiac 
magnetic resonance (CMR), phase-contrast CMR (PC-CMR) and conductance 
catheter. Seven sheep were subjected to CMR three months after PAB. Conductance 
catheter was performed before and three months after PAB. Four non-operated healthy 
age-matched animals served as controls. Higher RV masses (p < 0.01), elevated RV 
end-systolic volumes (p < 0.01), and lower RV ejection fraction (p < 0.01) were 
observed in the operated group. The time-to-peak pulmonary artery flow was longer in 
the banding group (p < 0.01). RV-maximal pressure and RV-end diastolic pressure 
correlated with the time-to peak flow in the pulmonary artery (r = -77 and -0.71, 
respectively). 
In summary, PAB caused RV hypertrophy, increased myocardial contractility, 
decreased RV-EF and cardiac output. The time-to-peak pulmonary artery flow 
correlated with RV pressures. 
3RZHUHGE\(GLWRULDO0DQDJHUDQG3URGX;LRQ0DQDJHUIURP$ULHV6\VWHPV&RUSRUDWLRQ
5LJKWYHQWULFXODU IXQFWLRQ DIWHU SXOPRQDU\DUWHU\EDQGLQJ DGDSWLYH
SURFHVVHV DVVHVVHG E\&05 DQG FRQGXFWDQFH FDWKHWHUPHDVXUHPHQWV
LQVKHHS
























7KLV H[SHULPHQWDO VWXG\ GHVFULEHV WKH DGDSWLYH SURFHVVHV RI WKH ULJKW YHQWULFXODU 59
P\RFDUGLXP DIWHU SXOPRQDU\ DUWHU\ EDQGLQJ 3$% HYDOXDWHG E\ FLQH FDUGLDF PDJQHWLF
UHVRQDQFH &05 SKDVHFRQWUDVW&05 3&&05 DQG FRQGXFWDQFH FDWKHWHU 6HYHQ VKHHS
ZHUH VXEMHFWHG WR&05 WKUHHPRQWKV DIWHU3$%&RQGXFWDQFH FDWKHWHUPHDVXUHPHQWVZHUH
SHUIRUPHG EHIRUH DQG WKUHH PRQWKV DIWHU 3$% )RXU QRQRSHUDWHG KHDOWK\ DJHPDWFKHG
DQLPDOVVHUYHGDVFRQWUROV+LJKHU59PDVVHVSHOHYDWHG59HQGV\VWROLFYROXPHV
SDQG ORZHU59HMHFWLRQIUDFWLRQ SZHUHREVHUYHG LQ WKHRSHUDWHGJURXS






































































































































































ILUVWVWDJH SDOOLDWLYH WUHDWPHQWZLWK SXOPRQDU\ DUWHU\ EDQGLQJ 3$% IROORZHGE\ FRPSOHWH
UHSDLUDWDODWHUWLPHSRLQWPD\UHSUHVHQWDQDOWHUQDWLYHVXUJLFDORSWLRQIRUVRPHSDWLHQWVZKR
DUHQRWVXLWDEOHIRUSULPDU\UHSDLU>@)RUH[DPSOHLQVHOHFWHGSDWLHQWVLQZKRPWKHJUHDW
DUWHULHV DUH WUDQVSRVHG D SHULRG RI SUHFRQGLWLRQLQJ E\ 3$% LV UHTXLUHG SULRU WR DQDWRPLF
FRUUHFWLRQ>@7KHWLPHO\GHWHFWLRQRIULJKWYHQWULFXODU59G\VIXQFWLRQLVFUXFLDOIRURYHUDOO
SURJQRVLV RI WKHVH SDWLHQWV7KHPHFKDQLVPVXQGHUO\LQJ WKH SURJUHVVLRQ IURP FRPSHQVDWHG
59 K\SHUWURSK\ WR 59 IDLOXUH DUH QRW IXOO\ XQGHUVWRRG 6HYHUDO DGDSWLYH SURFHVVHV DUH
LQGXFHGE\3$%KXPRUDOUHVSRQVHVP\RF\WHK\SHUWURSK\P\RF\WHK\SHUSODVLDFKDQJHVLQ
WKHH[WUDFHOOXODUPDWUL[DQGVKLIWWROHQJWKHQHGVDUFRPHUHV>@ )LEURVLVDQGDQLQVXIILFLHQW




VWXGLHV >@ 7KH NH\ SDUDPHWHUV REWDLQHG E\ FRQGXFWDQFH FDWKHWHU DUH HQGGLDVWROLF
SUHVVXUH UHODWLRQVKLS ('395 DQG HQGV\VWROLF SUHVVXUH UHODWLRQVKLS (6395 WKH IRUPHU
EHLQJDVHQVLWLYHSDUDPHWHURIHDUO\GLDVWROLFYHQWULFXODUG\VIXQFWLRQDQGWKHODWWHUWKHRSWLPDO
TXDQWLI\LQJ SDUDPHWHU RI FRQWUDFWLOLW\ > @ 1RQLQYDVLYH PHWKRGV WR GHWHUPLQH WKH
FRQWUDFWLOLW\VWDWHRIWKH/9VXFKDVVWUDLQVWUDLQUDWHDQGZDOOVWUHVVKDYHEHHQGHYHORSHG
IRUERWKHFKRFDUGLRJUDSK\DQGFDUGLDFPDJQHWLFUHVRQDQFH&05>@+RZHYHULWLVD











































































 .HWDPLQ  %HOD3KDUP *PE+ 	 &R .* 9HFKWD *HUPDQ\ IROORZHG E\
LQWXEDWLRQ,QKDODWLRQDQHVWKHVLDZDVPDLQWDLQHGE\ LVRIOXUDQHGHOLYHUHGWKURXJKD
YHQWLODWRU ([FHO  6( 2KPHGD%2&*URXS0DGLVRQ:, 86$ 7KH GHJUHH RIPDLQ
SXOPRQDU\DUWHU\3$WLJKWHQLQJZDVFRQWUROOHGE\GLUHFWO\PHDVXULQJ59SUHVVXUHVXVLQJD
FRQGXFWDQFH FDWKHWHU 0LOODU ,QVWUXPHQWV +RXVWRQ 7; 86$ 7KH WDUJHW RI 59PD[LPDO
V\VWROLFSUHVVXUH593PD[ZDVVHWWR DERYHEDVHOLQHOHYHO>@
&RQGXFWDQFHFDWKHWHUPHDVXUHPHQWV
&RQGXFWDQFH FDWKHWHU PHDVXUHPHQWV ZHUH SHUIRUPHG YLD OHIW DQWHULRU WKRUDFRWRP\ EHIRUH
3$% DQG YLD PHGLDQ VWHUQRWRP\  PRQWKV DIWHU 3$% 7KH IROORZLQJ SDUDPHWHUV ZHUH
GHWHUPLQHG E\ DQDO\]LQJ SUHVVXUHYROXPH ORRSV PD[LPDO 59 SUHVVXUH 593PD[ HQG
GLDVWROLF DQG HQGV\VWROLF SUHVVXUH 593HG 593HV PD[LPXP DQG PLQLPXP UDWHV RI
SUHVVXUH ULVH 59G3GWPD[ 59G3GWPLQ DQG FDUGLDF RXWSXW RI WKH 59 59&2
)XUWKHUPRUHWKHVORSHVRIHQGGLDVWROLFSUHVVXUHYROXPHUHODWLRQ59('395HQGV\VWROLF
SUHVVXUHYROXPHUHODWLRQ59(6395DQGWKHSUHORDGUHFUXLWDEOHVWURNHZRUN59356:


































































)RJDUW\ 2FFOXVLRQ &DWKHWHU (GZDUG /LIHVFLHQFHV //& ,UYLQH &$ 86$ (QGV\VWROLF





FRQWURO DQLPDOV DJHPDWFKHGZLWK WKH DQLPDOV PRQWKV DIWHU 3$%&05ZDV FDUULHG RXW
XQGHU DQHVWKHVLD DQG PHFKDQLFDO YHQWLODWLRQ RQ D 7HVOD VFDQQHU 0DJQHWRP $YDQWR
6LHPHQV +HDOWKLQHHUV (UODQJHQ *HUPDQ\ XVLQJ D SKDVHGDUUD\ FDUGLDF FRLO DQG D YHFWRU
HOHFWURFDUGLRJUDSKLF V\VWHP IRU FDUGLDF JDWLQJ $OO PHDVXUHPHQWV ZHUH WDNHQ DW HQG
H[SLUDWLRQ ZLWK WKH YHQWLODWRU WXUQHG RII WR PLQLPL]H PRWLRQ DUWLIDFWV 6WHDG\VWDWH IUHH
SUHFHVVLRQ 66)3 FLQH LPDJHV ZHUH REWDLQHG LQ WKH VWDQGDUG YLHZV IRU ERWK YHQWULFOHV
LQFOXGLQJ  ±  FRQWLJXRXV VKRUWD[LV PPWKLFN VOLFHV HQFRPSDVVLQJ ERWK YHQWULFOHV
IURPEDVHWRDSH[
3KDVHFRQWUDVW &05 3&&05 ZDV HPSOR\HG WR PHDVXUH WKH IORZ LQ PPWKLFN VOLFHV
RUWKRJRQDOO\ WR WKHFRXUVHRI WKH3$DQG WKHDRUWD7ZHQW\HLJKW IUDPHVZHUHDFTXLUHGSHU
DYHUDJHFDUGLDFF\FOH9HORFLW\HQFRGLQJJUDGLHQWVZHUHVHWWRFRYHUDG\QDPLFUDQJHIURP









































































FRQWRXUV RQ WKH HQGGLDVWROLF IUDPHV (QGV\VWROLF YROXPHV (69 HQGGLDVWROLF YROXPHV
('9 DQG VWURNHYROXPHV 69DORQJZLWK WKHYHQWULFXODUPXVFOHPDVVHVZHUH FDOFXODWHG
IRUHDFKYHQWULFOHVHSDUDWHO\
7KHWULFXVSLGYDOYHDQQXOXV79$GLVSODFHPHQWDQGYHORFLW\ZHUHGHWHUPLQHGWRDVVHVVWKH
59 GLDVWROLF IXQFWLRQ ± DQDORJRXV WR WKH PHWKRG GHVFULELQJ WKH PLWUDO YDOYH DQQXOXV
PRYHPHQW WR DVVHVV WKH /9 GLDVWROLF IXQFWLRQ >@ 79$ PD[LPDO ORQJLWXGLQDO
GLVSODFHPHQW 79$0' 79$PD[LPDO YHORFLW\ LQ GLDVWDVLV 79$9'6 ± UHIOHFWLQJ WKH
TXLHVFHQWSKDVHRIGLDVWROH DQG79$PD[LPDOYHORFLW\LQHDUO\GLDVWROH79$9('ZHUH
PHDVXUHGRQFKDPEHU FLQH LPDJHVXVLQJD0$7/$%SODWIRUP 7KH0DWK:RUNV1DWLFN
0DVVDFKXVHWWV 86$ 7KH ORQJLWXGLQDO GLVSODFHPHQW DQG WKH GLVSODFHPHQW YHORFLW\ RI WKH
79$ZHUHPHDVXUHGUHODWLYHWRDUHIHUHQFHOLQHGUDZQIURPWKH59DSH[WRWKHPLGSRLQWRI
WKH79$IRUHDFKRIWKHSKDVHVWKURXJKRXWWKHFDUGLDFF\FOH
)LQDOO\ WKH3&&05GDWD VHWVZHUH ORDGHG LQWR WKH$UJXV IORZ HYDOXDWLRQ WRRO7KH LQQHU
FRQWRXUVRI WKHPDLQ3$DW WKHEDQGLQJ VLWH DQGRI WKH DRUWDZHUHRXWOLQHG LQ HDFKFDUGLDF
SKDVH RQ WKH PDJQLWXGH LPDJHV 3HDN IORZ SHDN YHORFLW\ WLPHWRSHDN IORZ DQG FURVV
VHFWLRQDODUHDVZHUHFDOFXODWHGDXWRPDWLFDOO\7KHWLPHWRSHDNIORZZDVGHILQHGDVWKHWLPH
LQWHUYDO IURP WKH EHJLQQLQJ RI WKH DQWHURJUDGH IORZXSVORSH LQ V\VWROH WR WKH SHDN V\VWROLF
IORZ
6WDWLVWLFDO$QDO\VLV
6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ 6366 VRIWZDUH 6WDWLVWLFDO 3DFNDJH IRU WKH 6RFLDO
6FLHQFHV &KLFDJR ,OOLQRLV &05 SDUDPHWHUV ZHUH UHSRUWHG DVPHDQ  VWDQGDUG GHYLDWLRQ
6'6LQFHWKHJURXSVL]HVZHUHWRRVPDOOWRUHOLDEO\UXQWHVWVRQ*DXVVLDQGLVWULEXWLRQDOO
SDLUZLVHFRPSDULVRQVZHUHSHUIRUPHGE\DSSO\LQJWKHQRQSDUDPHWULF0DQQ:KLWQH\8WHVW


















































































FRQWUDFWLOLW\ ZDV REVHUYHG VLQFH ERWK WKH VORSH RI WKH 59(6395 DQG WKH 59356:
LQFUHDVHG DIWHU WKH EDQGLQJ 7KH VORSH RI 59('395 GHFUHDVHG VLJQLILFDQWO\ DIWHU 3$%
LQGLFDWLQJ WKDWGLDVWROLF FRPSOLDQFHZDV UDLVHG1R VWDWLVWLFDOO\ VLJQLILFDQWGLIIHUHQFHVZHUH












































































YHUVXVFPVS ZLWK79$9'6FPVYHUVXV FPVS 
YDOXHVWHQGLQJWREHKLJKHULQWKH3$%JURXS
7KHWLPHGLIIHUHQFHEHWZHHQWKHSHDNIORZLQWKH3$%DUHDDQGWKHSHDNIORZLQWKHDRUWDZDV





WKDQ LQ WKHKHDOWK\FRQWUROJURXS FPVDQG FPV UHVSHFWLYHO\S

,QWUDREVHUYHU YDULDELOLW\ ZDV U   DQG ELDV í   PO IRU 59('9 U   DQG
ELDV í   PO IRU 59(69 DQG U   DQG ELDV í   J IRU 59PDVV
,QWHUREVHUYHU YDULDELOLW\ ZDV U   DQG ELDV í   PO IRU 59('9 U   DQG




KHDOWK\ FRQWUROV DQG WKDW WKLVSDUDPHWHU FRUUHODWHGZLWK593PD[DQG593HG&LQH&05
ILQGLQJV VKRZHG WKDW 3$%LQGXFHG SUHVVXUH RYHUORDG LQFUHDVHG WKH 59 PDVV E\ 


































































FDWKHWHUEDVHG PHDVXUHPHQWV UHYHDOHG WKDW P\RFDUGLDO FRQWUDFWLOLW\ RI WKH 59 URVH
VLJQLILFDQWO\WKURXJKDQLQFUHDVHLQ356:DQG(6395IROORZLQJ3$%
/HHXZHQEXUJK HW DO >@ UHSRUWHG WKDW FKURQLF 59 SUHVVXUH RYHUORDG UHVXOWHG LQ D
VLJQLILFDQW LQFUHDVH LQ 59 IUHHZDOO WKLFNQHVV LQ ODPEV GXH WR D K\SHUSODVWLF P\RFDUGLDO
UHVSRQVH 6LPLODUO\  PRQWKV DIWHU 3$% ZH IRXQG WKDW 59 PDVVHV LQFUHDVHG E\  DV
FRPSDUHGWRKHDOWK\FRQWURODQLPDOV0RUHRYHURXUFRQGXFWDQFHFDWKHWHUGDWDGHPRQVWUDWHGD















SDUDPHWHU RI GLDVWROLF IXQFWLRQ >@ $OWKRXJK GLDVWROLF G\VIXQFWLRQ DIWHU 3$% KDV EHHQ







































































ZKHQ FRPSDULQJ WKH GLIIHUHQFHV LQ WLPHWRSHDN IORZ LQ WKH 3$ DQG DRUWD RI ERWK JURXSV
0RUHRYHU WKH OHQJWKRI WKH WLPHWRSHDN IORZFRUUHODWHGZLWK WKHSUHVVXUHSDUDPHWHUV59
3PD[ DQG 593HG 7KHVH ILQGLQJV WRJHWKHU ZLWK WKH QRUPDO 593PD[ 593HV WKH
GHFUHDVHG59()DQGWKHLQFUHDVHG59(69PD\LQGLFDWHLQFLSLHQW59G\VIXQFWLRQ
/LPLWDWLRQV
7KLV VWXG\ LV VXEMHFW WR WKH IROORZLQJ OLPLWDWLRQV )LUVWO\ EHFDXVH FRQGXFWDQFH FDWKHWHU
DQDO\VHVZHUHSHUIRUPHG WKURXJKGLIIHUHQW VXUJLFDODFFHVV URXWHVEHIRUH DQGPRQWKVDIWHU
3$% WKH FKDQJHV LQ 593PD[ 593HV DQG 593HG DIWHU 3$% FRXOG EH FDXVHG E\ WKH
WKRUDFRWRP\ PHWKRG LWVHOI 7KLV LVVXH ZDV DGGUHVVHG E\ +RLW HW DO >@ ZKR IRXQG WKDW
KHPRG\QDPLFV RI WKH /9 LQ UDWV KHDUW UDWH 3HG G3GWPD[ G3GWPLQ GXULQJ FORVHGFKHVW
SUHSDUDWLRQDUHVLJQLILFDQWO\GLIIHUHQWWKDQWKRVHLQRSHQFKHVWSUHSDUDWLRQ3HUIRUPLQJVKDP
RSHUDWLRQVLQRXU FRQWUROJURXSZRXOGKDYHKHOSHGWRFODULI\WKHLQIOXHQFHRIDFFHVVURXWHVRQ
WKH PHDVXUHPHQW UHVXOWV 6HFRQGO\ WKH QXPEHU RI DQLPDOV LQ WKH WZR JURXSV ZDV VPDOO
$OWKRXJK WKLV LV D FRPPRQ SUREOHP LQ WUDQVODWLRQDO UHVHDUFK SURJUDPV XWLOL]LQJ FOLQLFDOO\
UHOHYDQW ODUJH DQLPDOPRGHOV VPDOO VDPSOH VL]HV VHYHUHO\ OLPLW WKH VWDWLVWLFDO SRZHU RI DQ
LQYHVWLJDWLRQ >@ 7KLUGO\ WKH ORZ WHPSRUDO UHVROXWLRQ  PV RI WKH 3&&05 SXOVH
VHTXHQFHXVHGIRUIORZPHDVXUHPHQWVLQWKLVVWXG\SUHFOXGHGHVWLPDWLRQRIPHDQ3$SUHVVXUH
E\ FDOFXODWLQJ WKH DEVROXWH DFFHOHUDWLRQ WLPH >@ )RXUWKO\ WKH WLPH JDS EHWZHHQ05
H[DPLQDWLRQDQGILQDOLQYDVLYHSUHVVXUHYROXPHH[DPLQDWLRQVUDQJHGEHWZHHQDQGGD\V
,W LV NQRZQ WKDW WKHUH FDQ EH FRQVLGHUDEOH VSRQWDQHRXV YDULDWLRQV LQ SXOPRQDU\ IXQFWLRQDO
SDUDPHWHUV HYHQ RYHU D VKRUW SHULRG RI WLPH >@ 6LPXOWDQHRXV DVVHVVPHQW RI LQYDVLYH



































































GHVLJQ RI WKLV VWXG\ UHJDUGLQJ WKH &05 H[DPLQDWLRQV UHSUHVHQWV DQRWKHU OLPLWDWLRQ DV WKH
KHDOWK\FRQWUROVZHUHQRW WKHVDPHDQLPDOV LQZKLFKWKHEDQGLQJSURFHGXUHZDVSHUIRUPHG




3$ IORZ DQG 59 PDVV GHFUHDVHG 59() DVVHVVHG E\ &05 DQG LQFUHDVHG P\RFDUGLDO




















































































 6XUJLFDOPDQDJHPHQWDQG LQGLFDWLRQRI OHIWYHQWULFXOXDUUHWUDLQLQJ LQDUWHULDO
VZLWFK IRU WUDQVSRVLWLRQ RI WKH JUHDW DUWHULHV ZLWK LQWDFW YHQWULFXODU VHSWXP (XU -
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Figure 1 Click here to access/download;Figure;Figure 1.tif 
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